Carcinosarcoma is a rare histological type of non-small cell carcinoma (NSCLC), and its prognosis has been reported to be worse compared with other NSCLCs. Nanoparticle albumin-bound paclitaxel (nab-PTX) + carboplatin (CBDCA) achieves a favorable response rate in patients with non-small cell lung cancer (NSCLC). We administered nab-PTX + CBDCA to a 68-year-old man with postoperative recurrent carcinosarcoma with interstitial lung disease (ILD). A partial response was evident after four cycles of chemotherapy. To the best of our knowledge, the present study is the first to report the safety and efficacy of nab-PTX + CBDCA for treating carcinosarcoma with ILD.
Introduction
It has been reported that carcinomas with a histological sarcomatous component is rare and more aggressive than other types of lung cancer. In 2015, the World Health Organization classified carcinomas with a sarcomatous-like component with a spindle cell or giant cell appearance, or those associated with an occasional heterogeneous sarcomatous component, as sarcomatoid carcinomas. There are five subtypes: pleomorphic carcinoma, spindle cell carcinoma, giant cell carcinoma, carcinosarcoma and pulmonary blastoma [1] . Sarcomatoid carcinomas may arise in the lung where they account for approximately 0.4% of non-small cell lung cancers (NSCLCs) [2] . Carcinosarcoma, a subtype of sarcomatoid carcimomas, was first defined by Kita et al., in 1908 as a poorly differentiated non-small cell lung carcinoma containing a component with sarcoma or sarcoma-like features [3] .
Prognosis is poor for patients with sarcomatoid carcinoma, including those with carcinosarcoma, compared with other NSCLCs because of the high rate of resistance to conventional first-line chemotherapy [4] . Chemotherapy for lung cancer occasionally exacerbates preexisting interstitial lung disease (ILD), especially idiopathic pulmonary fibrosis (IPF), which can be fatal [5] . Several studies report that the efficacy and safety of paclitaxel (PTX) and carboplatin (CBDCA) doublet chemotherapy is a suitable regimen for patients with NSCLC with ILD or IPF [6] [7] [8] [9] . Nanoparticle (130-nm) albumin-bound paclitaxel (nab-PTX) exhibits higher activity and causes reduced toxicity compared with PTX. A phase 3 study found that administration of nab-PTX achieved a higher overall response rate and less neuropathy [10] .
To our knowledge, there are no studies that address the use of this regimen for treating sarcomatoid carcinomas, particularly pulmonary carcinosarcoma with ILD. Here we describe a patient with pulmonary carcinosarcoma with ILD who responded to first-line treatment with nab-PTX + CBDCA without experiencing adverse effects within 28 days after last administration of chemotherapy.
Case report
A 68-year-old man, a former smoker (27 pack years), was admitted to another hospital in September 2016 for treatment following X-ray imaging detection of an abnormal shadow during a regular health examination. Computed tomography (CT) revealed a 72-mm irregularity in the upper-left lobe with typical interstitial pneumonia in the inferior lobes (Fig. 1 We considered the tumor consists of adenocarcinoma as the epithelial component, and sarcoma as the mesenchymal component. The patient was diagnosed with carcinosarcoma of the lung, which met the World Health Organization criteria [1] . Two months later, the patient was admitted to our hospital with paralysis of his left arm and leg. Head magnetic resonance imaging showed a brain tumor on right brain hemisphere (Fig. 3) . We suspected metastasis of the lung cancer to the right parietal lobe of the cerebrum. The tumor was excised, and histopathology revealed that the tumor cells in the brain were similar to those of the left lung (consisting of epithelial and mesenchymal component, and positive for AE1/AE3 and vimentin, respectively) (Fig. 4) .
The patient was diagnosed with pathological T4N1M0 stage ⅢA lung carcinosarcoma with no driver mutation, such as EGFR mutation.
We therefore diagnosed distant recurrence of the lung carcinosarcoma. Moreover, chest CT scans detected new lesions in his right lung and mediastinal lymph nodes (Fig. 5 (A) ). After surgery to remove the metastatic tumor from the brain, the patient's performance status improved after one week. He was lucid and walked unattended, although he was short of breath. We evaluated his performance status as 1. The patient's organ function was within normal range except for coincidence of ILD; therefore, we recommended him a first line chemotherapy regimen comprising nab-PTX (100 mg/m2) + CBDCA, area under the curve = 6, every 4 weeks. CT scans of the chest after four cycles of this regimen revealed a 47% reduction in the sum of the diameters of the target lesions compared with baseline, indicating a partial response (PR) (Fig. 5(B) ). A reduction in the size of each of the target lesions was detected after 4 cycles of this regimen (Fig. 5(C) ). The response was evaluated according to the Response Evaluation Criteria in Solid Tumors, version 1.1 [11] . The toxicity profile, reported as the highest toxicity grades of all cycles of this regimen, was as follows: Hematological toxicity in the form of grade 4 neutropenia, grade 3 leukopenia, and grade 1 thrombocytopenia; and nonhematological toxicity in the form of grade 1 constipation and hiccups. Pulmonary toxicity, including acute exacerbation of ILD, was not observed. The patient was unable to receive nab-PTX on day 15 of each cycle because of neutropenia that was subsequently cured using filgrastim in the first course of this regimen, and we used pegfilgrastim to prevent severe neutropenia on day 9 after the second course. As this patient did not experience serious toxicity, dose reduction was not required. Finally, he was alive 11 months after diagnosis, with stable disease maintenance of 7 months.
Discussion
A retrospective study of a cohort of 97 patients with advanced or recurrent pulmonary sarcomatoid carcinoma who received conventional chemotherapy experienced poor progression-free survival (PFS) and overall survival (OS) (median PFS, 2.0 months; median OS, 6.3 months) [4] . In this study, no cases achieving PR were observed except for a single patient who received platinum-based chemotherapy, and the most common regimen administered was solvent-based paclitaxel (sb-PTX) [4] . It was reported that a sub-population of pleomorphic carcinoma, a subtype of sarcomatoid carcinomas, had an epidermal growth factor receptor (EGFR) mutation and showed response to EGFR tyrocin kinase inhibitors (EGFR-TKIs). However, the duration of the efficacy of EGFR-TKI was obviously shorter than that of non-sarcomatoid NSCLCs, even when the tumors had active EGFR mutation [12] . Immune checkpoint inhibitors such as nivolumab or pembrolizumab are speculated as promising agents against sarcomatous carcinomas, but this has not yet been established [13, 14] .
The optimal chemotherapy regimen for patients with NSCLC with ILD has not been established yet because of the lack of randomized trials. The combination of CBDCA with sb-PTX is most frequently used as first-line treatment for patients with NSCLC with ILD in practice. For example, the median PFS and OS were 2.5-5.3 months and 7.0-10.6 months, respectively, for patients treated with sb-PTX + CBDCA [7, 15, 16] . It has been well-known that anti-cancer drugs have some risk of induction of ILD as an adverse event, even in patients without ILD. In particular, the incidence of drug-induced ILD due to molecular targeting drugs is reported to be higher that of other drugs, therefore those drugs are not recommended for patients with ILD [15] . The most important toxicity of chemotherapy in cancer patients with ILD is a drug-induced acute exacerbation, a potentially fatal adverse effect [5] .
The incidence of acute exacerbation of ILD was relatively lower in patients treated with sb-PTX + CBDCA [7, 16, 17] than other chemotherapy regimens. In a phase III study of patients with advanced NSCLC, which compared nabPTX with sb-PTX in combination with carboplatin, nab-PTX achieved a significantly higher response rate and less neuropathy [10] . We therefore reasoned that nab-PTX + CBDCA might serve as an equally safe regimen for patients with NSCLC with ILD compared with sb-PTX + CBDCA. Further, nab-PTX + CBDCA treatment might be effective for treating sarcomatoid carcinoma, including carcinosarcoma, compared with sb-PTX + CBDCA for treating patients with other NSCLCs [4] . To the best of our knowledge, the present study is the first to demonstrate clinically meaningful antitumor activity of CBDCA + nab-PTX associated with a positive response by a patient with carcinosarcoma with ILD. The one previous case report described the efficacy of nab-PTX + CBDCA for treating a patient with pulmonary spindle cell carcinoma, one of the pulmonary sarcomatoid carcinomas [18] . Additionally, Azuma et al. reported the usefulness of this regimen for a patient with small cell lung carcinoma mixed with a squamous cell carcinoma component and ILD [19] .
There were several limitations in this case study. First, we could not exclude the possibility that the new lesions in the right lung after brain surgery originated from another primary lung cancer. Although we did not perform histopathology, we assumed that the new legions were contralateral lung metastasis, because we were unable to detect tumors in the right lung in CT scans acquired before left-upper lobectomy. Therefore, we believe that it is reasonable to conclude that nab-PTX + CBDCA is a useful option for the treatment of patients with pulmonary sarcomatoid carcinomas with ILD. Second, we could not exclude the increase in risk of acute exacerbation of ILD. Further studies of the efficacy and safety of this regimen for treating pulmonary sarcomatoid carcinomas, including carcinosarcomas with ILD, are required. 
